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COMPLETE SPECiriCATION 
Improvement in Dry Primary Cells 



We, P. R. Mallobt & Co., Inc., a 
(lorporation organized and existing under 
tile laws of the State of Delaware, of 
3029, East Washington Street, Indiana-- 
5 polis, State of Indiana, United States of 
America, do hereby declare the nature of 
this invention and in what manner the 
Btime is to be performed, to be Particu- 
larly described and ascertained in and by 
10 the ' following statement-: — . - 
This invention relates to dry primary 

cells. .J * 

An object of the invention is to improve 

dry cells. ^ .i. t£ r 

16 Another object is to improve the life ot 
a primary cell under adverse condi-hons. 

Other objects of the invention mil be 
apparent from the description and claims; 
The present invention is an improve-- 
20 ment on the invention disclosed ^he 
prior filed co-pending application JNo. 
579,849, 

In the drawings : - , . 

Fi'^'ure 1 is a perspective view ot a por- 
26 tion of a primary cell dnring assembly, 
portions of one electrode and ot tne 
spacers being cut away to better illustrate 
the order of the layers ; ■ 

Figure 2 is a section tlirough the com- 
30 pleted primary cell; 

Figure 2a is a section partiy m?^®? 
away through primary cells of modified 
construction, arranged m a battery; 

Figure 3 illustrates an electrode 
35 assembly of a modified construction. 

Fi^-ure 4 shows the parts for a disc 
type" cell arranged in the order of 

assembly ; . . -l v « 

Figure 5 is a cross section througH a 

40 completed disc cell; ^ ^r.A 

Figure 6 illustrates a battery formed of 
securing together several cells m face- 
to-face contact ; and 

Fi^'ure 7 shows, m section, a batten^ 
45 made'' of several cells enclosed m a card- 
board tube. ^ J- « +^ 
In the primary „cell according to our 
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aforesaid application tte electrolyte is a 
liquid alkaline electrolyte and is 
absorbed in a semi-permeable membrane wO 
which is insoluble in the alkaline electro- 
lyte and which is interposed between the 
electrodes such that, the electrolyte 
touches the electrodes/ In snch a cell the 
elecirodes may be respectively of zinc and 
of steel, the latter being coated with a 
depolarizing material comprising cupric 
oxide, graphite and a binder. The mem- 
brane may be of regenerated cellulose. 

The essential improvement according 65 
to the present invention consists in pro- 
viding between the electrodes an 
adsorbent impregnated with a solid 
alkaline electrolyte containing water of 
crystallization in the proportion of at 70 
least 30%. _ 

By using solid crystalline alkaline 
electrolytes and by closely spacing the co- 
operating electrodes so as to keep the re- 
sistance of the cells at a low value 76 
alkaline dry cells can be produced which 
have, a good open circuit life, even at 
elevated temperatures snch as are en- 
countered in the tropics. The solid electro- 
lyte helps to prevent migration of copper BD 
compounds which would otherwise attack 
the zinc electrode and also,, because of its 
solid nature, does not itself readily 
attack either the zinc or copper, oxide 
electrodes when the cell is on open circuit, 
In order for the cells to be of general 
utility both at temperatures normally en- 
countered in this country and also at ele- 
vated temperatures such as are en- 
countered in the tropics or in ectuipment »0 
where considerable he^t is generated it is 
not only necessary that the cells have a 
good shelf life. at elevated temperatures, 
bnt it is also required that the electrolyte 
have reasonably ^ood electrical conduc- 96 
tivity at the. lower temperatures en- 
countered and that the electrolyte remain 
solid at the higher temperatures. . 
It has been found that solid potassium 
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hydroxide containing water of crystalliz- 
ation is an. ideal electrolyte for Imeeting 
ttese requirements; tliat it possesses a 
inucli lower specific resistivity in. tlie 
5 solid crystalline form than the other solid 
alkali hydroxides, developes a much 
higher voltage and resists shelf life attack 
to a higher degree. ' \ ' 
^^eferring to the drawing wherein 
10 Figures 1 and 2 illustrate the construc- 
tion of a dry cell of the invention, the 
electrode and spacer assembly may be 
produced in the manner shown* in Tigure 
1. A thin strip of sheet steel 11 coated 
15 with a copper compound 15 is welded at 
one end to a steel rod 10 and then two or" 
three turns of the sheet -are wrapped 
tightly around tK;e. rod. Two layers 12 of 
glycerine-free- regenerated sheet cellulose 
20 are then laid on one side of the i-emainiiig 
unwound end of the steel strip and two 
other lajrers 13 of regenerated sheet 
cellulose are' placed pn the opposite side 
_ of the steel strip; A strip of corrugated 
20 2inc^ foil'14 is tben ' placed against the 
outside of one of the' cellulose sheets and 
the entire assembly is'wound into a roll 
wherein the coated steel sheet is separated 
OA t^^^ corrugated zinc foil bv double 
-30 layers of regenerated sheet cellulose. The 
-regenerated cellulose separators may be 
sufficiently long to form a final turn on 
the autside of the roll, — - 

• -^ depolarizing cupric oxide eomposi* 
35 tion 15 is applied as a coating to steel 
sheet 11 prior to assembly. The composi- 
tion may be formed by milling together 
46 grams of ' a mixture of finelv divided 
^ cupric oxide with 8% of graphite of 
40 extremely small particle size, such as 5 
to 9 microns stud 30 grams of 'a"IO% solu- 
tion of polymerized vinyl chloride in a 
solvenVsuch as an ether. The resulting ■ 
composition is applied (for example; by" 
45 spraying or painting) to both surfaces of 
steel sheet 11 after it has first been sand 
blasted. Sheet 11 may suitably be formed 
of steel 2 mils thick. Where operation of 
the cell at low temperatures is not re- 
50 quired, the graphi-te content may be sub- 
stantially reduced and for some api)lica- 
tions ' the graphite may be* omitted. 
Generally, the percentage-of jGrraphite will 
be from 0.1% to 10% by^ weight of the 
55 cupric" oxide. - - * - - 

A -preferred thickness' for the coat is 
about 2.75 mils on each , side of the steel 
backing, After drying; the coatinfr is 
baked at "a temperiatnre of 130*'O for - 
60 several hours. The coated" steel strip may 
then be rolled between steel rollers such 
as those used for rolling metal stock. 
This* increases the densii^"^ and conduc- * 
tivity of the coating, giving it a smooth 
ofj uniform surface. The rolling is done at a 



relatively high temperature such as 
around 125 'C. 1 

In the prior art where a composite 
copper oxide carbon electrode has been 
xised, the function oj the carbon has been 70 
to lower the resistance of the electrode; 
whereas in the present cell, the micron- 
ized graphite serves primarily to prevent 
the insulating organic binder from insu- 
lating the cupric oxide particles from 75 
themselves and from the steel base elec- 
trode. 

As an alternative to the steel sheet and 
copper oxide electrode, it is also possible 
where cost is not a ^factor, to oxidise a 80 
copper or copper plated foil, to provide a 
cupric oxide surface. 

The zinc foil strip 14 is preferably cor- 
rugated with about 16 corrugations to the 
inch, the corrugations being about 2 mils 85 
deep. A tab 16 formed of a strip of 
heavier zinc is spot-welded at 17 to the 
outer end of the zinc electrode 14 to 
afford a means for securing the electrode 
to the container. Zinc 14 may suitably be 90 
of 2 or 3 mils -in thickness.' The regener- 
ated cellulose sheets may each be 1 to 1.5 
mils thick when dry and should prefer- 
ably be free of plasticizer such as glycer- 
ine. The cellulose sheets are slightly 95 
wider 'than the electrodes to provide over- 
lapping" edges and to prevent short cir- 
cuits at the edges of the roll. 

the roll is wound as illustrated 
1^ Figure 1, it is inserted in a zinc can 100 
18 as shown in Figure 2 and tab 16 is 
spot-welded to the can wall hr a" weld 19. - 
A disc 20 of insulating material which is 
not attacked by -alkalies is -placed in the 
bottom of the can to prevent contact be- 105 
tween the rod 10 and the bottom of tke 
can. - - . . 

The electrolyte is prepared bv dissolv- 
ing from 200 to 400 grams of cheniioally 
pure potassium hydroxide (containinn^ i:j 110 
to 14% water) in 100 milliliters of water; 
300 grams of potassium hvdroxide being 
the preferred quantity for normal com- 
mercial-uae. This produces sohitions con- 
taimng;^between 43 and 30% water and 115 
57 and 70% KOH, approximately, or pre- 
ferably 35% water and 65% KOK 
approximately.. It is necessarv to heat the 
water to aboiit 120''0. to' dissolve all the 
liydroxide: - . . • ~ . . jgn 

The cell assembly which has- been pro- 
duced in the manner above described is 
heated to about lOO^C. and- immersed at - 
this teniperature in the hot -liquid electro- - 
me and a partial vacuum (such as a re- 125 
diiction ini)re8sure to 5 cm. of mercurv) 
IS preferably applied to improve the iili- 
pregnation :of the ' space between the 
electrodes and the absorption of the 
electrolyte into the regenerated sheet 130 
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cellulose spacers. 

Some of the regenerated cellulose is 
attacked by the strong alkali but the 
attack is insufficient to injure :fche spacer. 
or reduce its effectiveness in the cell 
assembly. The spacer absorbs a large 
quantity of the electrolyte and in so doing 
swells to fill the avai lable space between 
tiie eiecn'odes previa ea by xhe corruga- 
tion of the zinc electrode. The filled cells 
'are then removed from the electrolyte- 
hatli and allowed to cool. The electrolyte ~ 
crystallizes when the cells have cooled to. 
about SO**C. and at room temperature the 
electrolyte is a hard solid 24 in which the 
assembly is inibedded, the melting point 
usually being above 60 "C. 

The can 18 has a slightly enlarged por- 
tion at its open end providing a shoulder 
21. A disc 22 of stiff insiJating material 
»;uoh as Bakelite (Registered .Trade 
Mark) dielectine, or other sufficiently 
ri^id material is covered on one- side and 
around its edges with a sheet 23 of rubber, 
26 iieoprene or similar rubbery material 
which is resistant to the alkaline electro- 
lyte and this assembly is pressed onto the 
top of the can 18, so as to rest against 
shoulder 21 after which the rim of the 
can is spun over the edge of the assembly 
to secure it in place and seal the cell.. The, 
disc 22 has a relatively large central 
aperture and rubber 'sheet 23 has a small " 
hole punched therein. When the cell iB_ 
assembled steel rod 10 projects through 
these apertures and the yielding nature of 
rubber sheet 23 permits release of any gas 
generated within the cell through its 
central hole, thus providing an automatic 
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jrns valve. Due to this constructionj how- 



ever, the rubber prevents entrance of 
carbon dioxide or moisture into the cell 
from* the atmosphere. Instead of discs 22 
and 23 the can 18 may be sealed in some 

45 cases by pouring a layer of Gilsonite pitch 
into the top of the can. - 

Figure 2a shows a preferred, form of 
cell construction and shows the cells em- 
bodied in a battery. In this construction 

50 containers 80 of the individual cells are* - 
molded tubes of rubber hydrochloride or 
Pliofilm (Registered Trade Mark) closed' 
at one end.' The roll of electrodes* and 
spacers prepared as* shown in Figure 1 is 

55 first dried at 100° C. and then impr^iaated 
with the electrolyte at 110** C, a vacuum 
being applied for about 2 'minutes to 
facilitate impregnation and removal of 
giises. The electrolyte is then 'allowed to 

60 cool and the roll removed^ while the elec- 
. trolyte is still fluid, the excess is wiped _ 
off and the' roll iiiserted'in Pliofilm con- 
tainer 80. Zinc' tab 16 is made longer in 
this case so as *to extend out of the con- 

66 tainer. Before' contact with the. electrolyte ;. 



rod 10 and tab 16 are coated on their 
projecting parts with an alkali resistant 
protective film of resin such as urea- 
formaldehyde resin or Koroseal (Regis- 
tered Trade Mark) to prevent corrosion of 70 
these parts. After the impregnated roll 
has been inserted in container 80 a disc 

81 of rubber hydrochloride is placed over 

the exposea end and a layer oi nara 
inert petroleum wax such as Superlawax 76 
. (Eegistered Trade Mark) having a melting 
point of about 170° F. or Gilsonite pitch 
is poured on top to seal the top end of the 
container. The. wax adheres strongly to 
the Pliofilm walls effectively sealing the 80 
container. When cool the cell may be 
quickly dipped in molten Superlawax to 
form a thin wax coating over the entire 
cell. 

Any number of such cells may be con- 86 
necteid in series by removing the protec- 
tive film from portions of the terminals 
and soldering the zinc tab 16 of one cell 
to the center steel rod 10 of the next cell, 
and 60 forth. A, simple battery of desired 90 
voltage can be made by placing the re- 
quired number of cells, all connected in 
series, side by side, in an open-topped 
cardboard or sheet metal box or tray 84 
and pouring a layer 83 of wax over them 96 
to cover them and leave only the end ter- 
minals exposed. .... 

'Figure 3 shows a modified electrode 
assembly wherein a plain strip of zinc foil 

30 ~is used and . is spaced from coated 100 
steel electrode li by nylon cloth layers 

31 placed against the zinc electrode and 
regenerated sheet cellulose layers 32 in 
contact with the coxited steel electrode. In 
this case spacing of the' threads in the 105 
cloth provides the necessary free space 
into which the regenerated cellulose sheet 
may expand as it swells when it absorbs 
electrolyte. Other cloth layers, such as 
glass cloth and other materials resistant 110 
to the electrolyte, may, in some cases, be 
substituted for the nylon. 

Figures 4 to 7 show the construction 
and assembly of disc type cells embodying 
features of the invention. One such cell, 116 
as shown in Figures 4 and 6, is made up 
of a zinc disc 40, a steel disc 41 having a 



coating 42 of oupric oxide composition 
prepared and applied as previously de- 
scribed, on one face thereof, two glycer- 120 
ine-f ree regenerated sheet cellulose discs 
43 impregnated with the alkaline electro- 
lyte of the previously described composi- 
tion, and a* sealing ' ring 44. Ring 44 
may be made of an impervious sheet 125 
material sucli as Pliofilm or other sealing 
material not rearlily " attacked by the 
electrolyte, " /: 

. The cell inay be made by first cement- 
ing the Pliofilm -washer 44 to .the copper ISO 
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oxide compound surface of the steel disc, 
then soaking the regenerated cellulose 
discs in a solution of 290 grams KOH and 
100 milliliters of water at 100" C. for 5 
5 minutes, removing and rolling off the 
excess electrolyte with n rubber roller, 
placing two such discs 43 in the central 
recess fornied by washer 44, then, apply- 
ing a ring 45 of vinyl chloride cement to 
10 the zinc disc and pressing it on top of the 
pre-assembly with- the vinyl chloride 
cement against the Pliofilm:. The assembly 
is then put in a "press- which is kept at 
60**C-. until the cement has dried and 
15 bonded the assembly together to form a 
completed cell -50. 

Several of such^ cells may be stacked 
together as shown in Figure 6 to form a 
battery of higher voltage. A rubber band 
20 60 is sufficient" "to Hold them together. 
Terminals such as metal discs 61 having 
wires '62 soldered to them may be placed 
at the ends oi;the stack. 
Another type of multi-cell battery can 
25 be made as shown in Piguxe 7 by placing 
a stack of cells 50 in a cardboard tube 70, 
providing pressed metal terminal bosses 
72 in a cardboard end discs 71, filling any 
free space, in the tube with wax 73 and 
30 turning in the ends !of the ^tube ta main- 
tain contact pressure between the parts. 

The peculiar applicabilily of the solid 
crystalline potassium hydroxide electro- 
lyte for dry primary cells,' especially as 
36 compared with other crystalline alkaline 
electrolytes, will be eyideiat f ronl the fol- 
lowing: In measurements made on cells 
of the structure shown in Fig. 1 with an . 
electrode area of 8 sq. in. the voltages 
40 obtained with . different electrolytes at 
20** C. were as follows : - 

With 200 gm. EOH and 100 ml. water ' 
E:^1.0'volt. ■ * - 

With 360 gm. XQH and 100 ml. water 
45 E = . 98 volt. ' ; ' 

With 200 gm. ISTaOH and 100 mL water 
E = .05 volt. 

With 360 gm. NaOH-and iOO ml. water 
E = Iess than .01 volt: 
56 1 Whien a load is ajpplied the volta:ge of the 
NaGH' cells 'drops to practically zero. 

It has been found that the sjpecific re- 
sistivity at 20'*C.' of the KOH: Scctrolyte 
is also considerably lower" than the NaOBL 
65 at 20''C. as is indicated from the follow- 
ing : ■ TThe . resistivity-^ ' . _ 

-With' 200' 'griis. KOH* per 100 ml. b£ 
water =32 oTims per cm*. 

With '360 gms. KOH" per 100 ml. of 
60 water = 400 bhma per cm*. 

With 200 gma. TiTaOH per 100 ml. of 
water = 421 ohms per cni^. 

With 360 gms. NaOH per 100 mL.of 
water = 3.03 k" 10* ohms per cm*. . . 
65:- In lowest .range,: £h xesiativity of the *: 



: KOH should exceed 25 ohms per om^ at 
20°O, - 

Crystalline lithium hydroxide electro- 
lytes have .a still higher resistance. The 
specific resistance values will vary to some 70 
degree with the rate of cooling. The 
above values were obtained under condi- 
tions similar to those encountered in the 
cells. The resistance values given are 
those of the crystallized electrolytes out- 76 
side of the cell and without the addition " 
of other materials. 

It is' note worthy' that there is almost no 
difference in resistivity between liquid 
electrolytes of the prior art having 80 
NaOH and KOH respectively as the active 
ingredients. A 25% solution of either 
TTaOH or KOH has a resistivity in the 
order of 4 ohms per cm'. 

Concentrations of potassium hydroxide 85 
above . 175 grams chemically pure KOH 
per 100 inl, of water will solidify when 
cooled to room temperature. These might 
in some, cases be used hwt to obtain the 
optimum of shelf life it is essential that 90 
the melting point of the crystalline elec- 
trolyte exceed the maximum ambient 
temperature that the cell, is expected to 
encounter. For non-tropical use this 
should exceed 25** C, but should prefer- 95 
ably be higher, and for tropical use it 
should be much higher, for example above 
55 '•C. 

The most practical range of concentra- 
tions for the crystalline electrolyte is 100 
formed as described above by nsing be- 
tween 200 and 400 gms. chemically pure . 
potassium hydroxide, yielding composi- 
tions containing between 57 and 70% 
KOH. For normal commercial use 300 105 
grams is preferably used, giving a 65% 
composition. For tropical use 360 grams 
miiy be used, yielding a 68% composition. 

Due to "the close spacing of the eleb- 
trodes and the short electrolytic current HO. 
path of large area thus provided, this cell 
has a comparatively low internal resist- 
ance at ordinary temperatures and good 
current capacity. The cell has an open 
circuit voltage of about 1 volt. Two such 115 
cells connected in series and having an 
electrolyte containing 290 grams of 
potassium hydroxide to 100 milliliters of 
water, . and Slaving a ainc electrode of 8 
square inches in area, will deliver 0.1 120 
ampere ior at least 5 hours before the 
combined Voltage drops to 0.9 volts on 
closed circuit. ~ 

The addition of a small amount of sul- 
phur; such "as 5% or less, or sulphi;r 125 
compdxmd (for example, ammonium poly- 
sidphide). to the hydroxide prior to the 
addition of water so as to form an alkali 
metal snlphide component in the electro- 
lyte :increase3-:the open circuit V Itage to 130 
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1.2 volts in the case of potassium Hydrox- 
ide. Tlie shelf life at. elevated tempera- 
tures, however, is not as long. The addi- 
tion, in small amounts, of other sulphur 

5 group elements, such as selenium,' has a 
similar effect. The internal resistance of 
the cell may be reduced and "the voltage 
output may also be raised by using a 
composite spacer comprising pure porous 

10 cotton paper, such as Dexter B ^' 
(Registered Trade Mark) in combination 
with the regenerated cellulose sheet. 
Alternate layers may be used. A similar 
result may be accomplished by the addi- 

16 tion of 5% to 20% Bentonite to the elec- 
trolyte. 

While cupric oxide is the preferred de- 
polarizer for highest current capacity, 
other depolarizers may in some cases be 

20 substituted, such as the sulphides of 
copper, lead sulphide or oxide and the 
like. Cadmium can be used in place of 
zinc for the other electrode although it 
produces a cell of lower voltage and there- 

26 fore is not as desirable. 

Sodium and lithium hydroxides have 
some limited utility for crystalline elec- 
trolytes either singly or in mixtures with 
potassium hydroxide. Sodium hydroxide 

30 solutions containing above 120 grams of 
chemically pure sodium hydroxide (hav- 
ing around 13% water) to 100 ml. of 
water will solidify when cooled. Composi- 
tions having 160 grams produce excessive 

35 shelf attack on the electrodes and on the 
^ cellulose spacer. This can be reduced by 
using an alkali resistant zinc alloy or 
composition. 

While specific embodiments of the in- 

40 vention have been described it is intended 
to cover the invention broadly within the 
extent and scope of the appended claims. 

Having now particularly described and 
ascertained the nature of our said inven- 

45 tion and in what manner the same is to 
be performed, we declare that what we 
claim is: — 

1, A primary cell characterized by a 
pair of closely spaced positive and nega- 

60 tive electrodes, an absorbent spacer there- 
between, and a solid alkaline electrolyte 
impregnating said spacer and in contact 
with said electrodes, said electrdlyte con- 
taining at least 30% of water of crystal- 

55 lization. . m . 

2. A primary cell as claimed in Claim 
1, characterized in that said electrolyte is 
a solid crysl^alline material at tempera- 
tures below 60' C. , 

60 3. A primary cell as claimed in Claim 
1 or 2, characterized in that said electro- 
lyte comprises an alkali metal hydroxide. 

4, A primary cell as claimed in any of 
the preceding claims, characterized in 

66 that said electrolyte is composed of potas- 



sium hydroxide. 

• 6. A primary cell as clain\ed in Claim 
4:, characterized in that said potassium 
hydroxide contains between 30 and 43% 
water of crystallization. , . ''^ 

6. A primary cell as claimed in Claim 
4 or 5, characterized in that said electro- 
lyte is formed from 175 to 4uo grams^ 
potassium hydroxide (containing in the 
order of 14% water of crystallization) and 75 
100 ml. of water. 

7. A primary cell as claimed in any of 
the Claims 4—6, characterized in that 
said electrolyte has a resistivity at 20*'C. 
greater than 25 ohms per cm^. 80 

8. A primary cell as claimed in any of 
the preceding claims in which an absor- 
bent spacer is provided between said elec- 
trodes said spacer being of regenerated 
sheet cellulose. 

9. A primary cell as claimed in any of 
the preceding claims in which one of said 
electrodes is corrugated. 

10. A primary cell as claimed in any 

of the preceding claims in which one of 90 
said electrodes is formed from zinc or 
cadmium and the other electrode has a de- 
polarizing layer thereon closely spaced 
in face-to-face relation with the first 
electrode. 

11. A primary cell as claimed in any of 
the preceding claims in which one of said 
electrodes is a depolarizing electrode com- 
prising a metal sheet having depolarizing 
material bonded to the surface thereof. 100 

12. A primary cell as claimed in Claim 

11, characterized in that bentonite is 
provided in said electrolyte. 

13. A primary cell as claimed in Claim 

12, characterized in that said bentonite is 105 
provided in said electrolyte in the propor- 
tion of 5 to 20%. 

14. The method of making a dry cell as 
cloimed in Claims 1 to 13 which comprises 
winding two electrodes in enrolled form 110 
with a regenerated cellulose sheet spacer 
member therebetween, at least one of said 
electrodes being corrugated so as to allow 
said cellulose sheet to expand, immersing 
said wound structures in the electrolyte 116 
containing water of crystallization and 
which is normally solid at 25 "^C. but 
which has been heated to a temperature 

at which it has become fluid, and holding 
said structure in said electrolyte until the 120 
cellulose sheet has become adequately 
impregnated therewith. 

15. The method of making a unitary 
spacer electrolyte member for a cell as 
claimed in any of the preceding claims 125 
which comprises heating the electrolyte 
containing water of crystallization and 
which is normally solid at 25**C. to a tem- 
perature at which said electrolyte is fluid 
and immersing and holding regenerated 13Q 
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sheet cellulose tKerein untiL^id : sheet 
becomes impregnated' "witk said elecitii-o- 
lyte. . ' : . „■ . ' - ■ : 

16. A primary cell as claimed in Glaim 
0 1 substantially as described with reference 
to Fi|a.\I--3; Pig-. 2a, Figs.-4 and 5, 
ifig. b or Fig. 7 of 2tlie accompanying 
drawings." . • 



- IT. The method of. making a dry cell as 
claimed in Claim 14, substantially as -de- 10 
scribed with reference to Figs.. 1—3, Fig. 
2a, Figs. 4 and 5 , Fig. 6 or Fig. 7 of the 
accompanying- drawings. 

Dated this 3rd" day" of May, 1944 
MARKS & CLERK, 
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